Antioxidant activity for Morus nigra L. fruit extracts ethanol (Eth. ext.), flavonoid (F. ext.) and anthocyanin (A. ext.) and the isolated pigment (Pig. a) was evaluated using different methods such as (β-carotene-linoleic acid assay, reducing power assay, scavenging of hydrogen peroxide and total antioxidant capacity). The results proved that Pig. (a) was the most potent antioxidant followed by A. ext. and Eth. ext. Black mulberry fruits contained the highest amount of total phenolic content followed by Eth. ext., whereas flavonoid ext. contained the highest amount of total flavonoid content followed by black mulberry fruits. The effect of pH, temperature and storage had been studied to evaluate the remaining antioxidant capacity of the prepared extracts and Pig. (a). The results showed that the antioxidant capacity was decreased with increasing the time of boiling, storage and extreme pH values.
Introduction
Oxygen is an element obligatory for life where living systems have evolved to survive in the presence of molecular oxygen, which has double-edged properties, being essential for life; it can also aggravate the damage within the cell by oxidative events (Shinde et al., 2006) . Oxidative stress results when the balance between the production of ROS exceeds the antioxidant capability of the target cell (Ahmad et al., 2009) . The antioxidant defense system in most living cells is composed of two components: antioxidant enzymes (endogenous antioxidants), and small molecule antioxidants (exogenous antioxidant) (Mugwerua and Rusling, 2006) . Diet plays a vital role in the production of the antioxidant defense system by providing essential nutrient antioxidants such as vitamin C, vitamin E, and β-carotene. Other antioxidant plant phenols are flavonoids and essential minerals form important antioxidant enzymes. For example, superoxide dismutase (SOD) contains zinc and glutathione peroxidase that contains selenium (Willcox et al., 2004;  1 T Kumar1 T et al., 2008) . Plants are considered as one of the most important and interesting subjects that should be explored for the discovery and development of newer and safer drug candidates (Hamid et al., 2011) .
Under ideal circumstances the body would be in a steady state with free radicals produced and quenched by the endogenous antioxidants. When an endogenous and exogenous antioxidant system canP ' P t balance off the free radicals generated in human cells, oxidative stress occurs. Oxidative stress can cause oxidative damage to lipids, proteins and DNA (Jing, 2006) . The antioxidants could attenuate this oxidative damage of a tissue indirectly by enhancing natural defenses of cell and/or directly by scavenging the free radical species (Goldberg, 2003) .
Antioxidant activity of flavonoid polyphenols and other small molecules is dependent on bioavailability and redox potential which is closely related to its chemical structure (Pokorny et al., 2001) .
The antioxidant activity of anthocyanins is attributed to their ability to scavenge free radicals, and the binding with heavy metals such as iron, zinc, and copper. Anthocyanins are inducers of antioxidant enzymes such as glutathione-S-transferase (GST) and SOD (Hosseinian et al., 2008) . Besides their color features, anthocyanins have recently attracted even more interest due to their possible health attributes, such as a reducing risk of coronary diseases, reducing risk of stroke, anticarcinogen activity, anti-inflammatory effects and improved cognitive behavior (Zhang and Demain, 2005) . Laleh et al. (2006) showed that increasing in pH, temperature or exposure to light was able to spoil the anthocyanin molecule. Hurtado et al. (2009) proved that the isolated anthocyanins had higher capacity to capture free radicals than ascorbic acid and the hydroxylation degree of the isolated rutinosides had great influence on the antioxidant capacity.
The mulberry belongs to the genus Morus of the family Moraceae. Mulberry trees have historically been used for leaf yield in sericulture. In addition, their fruit have been used in folk medicine (especially in Chinese medicine) to treat diabetes, hypertension, anemia and arthritis. Also, black mulberry fruits are used for treating mouth lesions in Turkey. Recently, red and black mulberries have gained an important position in the food industry due to the presence of anthocyanins (Ozgen et al., 2009) .
The literature survey revealed that no work has been done to assess the antioxidant activity of black mulberry fruits Morus nigra L. prevailed in Kurdistan region. Thereby, this study was conducted to determine the antioxidant activity. Moreover, it was deemed of interest to investigate the antioxidant activity of the prepared fruit extracts by comparing various methods including β -carotene-linoleic acid assay, reducing power assay and total antioxidant capacity, besides the determination of total phenolics and flavonoids contents. It was also important to evaluate the effect of heat treatment, pH and storage on the stability of antioxidant activity.
Materials and Methods

Collection of Plant Materials
Black mulberry fruits Morus nigra L. were collected in June, 2008 from Duhok-dam, Duhok city-Kurdistan Region of Iraq. The ripe fruits were kept in plastic containers at -10 ºC until the time of use (Pantelidis et al., 2007; Spada et al., 2008) . The plant was botanically authenticated in Agriculture College -Forestery Department, University of Duhok.
. Chemicals
All chemicals used were of analytical grade. Tannic acid, ammonium molybdate tetrahydrate, potassium ferricyanide and Tween 20 were obtained from Fluka; qurecetin dihydrate were obtained from ROTH; β-carotene from USP; Folin-Ciocalteu reagent from Ajax; linoleic acid from Merck; α-tocopherol from USD and others were obtained either from Fluka or Sigma chemicals.
Preparation of Plant Extracts
The ethanol extract ( Eth. ext.) of black mulberry fruits was prepared according to the method of Laleh et al. (2006) . The flavonoid extract (F. ext.) of black mulberry fruits was prepared according to the methods of (Peach et al., 1955; Harborne, 1984; Andersen and Markham, 2006) . Anthocyanin extract (A. ext.) was prepared according to the method of (Harborne, 1984; Schofs, 2004; Andersen and Markham, 2006) .
Chromatographic techniques were applied for purification and isolation of pigment (a) ( Pig.(a)) from anthocyanin extract. Extracts and Pig. (a) 
Antioxidant Activity of Black Mulberry
Total Phenolic Content (TPC)
Total phenolics content of black mulberry fruits and extracts were measured according to the methods that were involving Folin-Ciocalteu reagent and tannic acid as a standard (Slinkard and Singleton, 1997; Kaur and Kapoor, 2002) . All samples were assayed in three replications. The same procedure was applied to all standard tannic acid solutions (0-2500 mg/50 ml), and standard curve was obtained. Results were expressed as milligrams of tannic acid equivalent per gram of extract (mg TAE/g).
Total Flavonoid Content (TFC)
Total flavonoid content was determined according to the method described by (Chang et al., 2002; Hsu, 2006) . All samples were assayed in three replications. The same procedure was applied to all standard quercetin solutions (12.5-100 μg /ml) in methanol and standard curve was obtained. Results were expressed as milligrams of quercetin equivalent per gram of extract (mg QE/g).
Scavenging of Hydrogen Peroxide (HR 2 ROR 2 R)
The ability of the black mulberry fruits extracts and Pig. (a) to scavenge hydrogen peroxide was determined according to the method of (Ruch et al., 1989; Oktaly et al., 2003) . All samples were assayed in three replications. Results were expressed as milligrams of ascorbic acid equivalent per gram of extracts (mg AAE/g) .
Total Antioxidant Capacity
The phosphomolybdenum assay was performed according to the methods of (Prieto et al., 1999; Delouee et al., 2007) . All samples were assayed in three replications. The antioxidant capacity of extracts was expressed as micrograms of α-tocopherol equivalent per milliliter of extracts using extinction coefficient of (4 x 10P
β−Carotene-Linoleic Acid Assay
In β-carotene -linoleic acid assay, antioxidant activity of extracts and of some common antioxidants such as α-tocopherol was determined according to the method of (Marco, 1968; Barriere et al., 2001) with slight modifications. Antioxidant activity (AA) was calculated as percentage of inhibition relative to the control (α-tocopherol sample).
Reducing Power Assay
The ability of extracts to reduce iron (III) was assessed by the method of (Oyaizu, 1986; Yildirim et al., 2001; Tsasi et al., 2006; Su et al., 2009) . The increase in absorbance of reaction mixture was interpreted as increase in reducing activity of the extract and the results were compared with ascorbic acid as (positive control). All samples were assayed in three replications.
Effect of Temperature, pH and Storage on the Antioxidant Capacity
The black mulberry fruits extracts and Pig. (a) were heated at 50 and 100 ºC for (60 and 120 min) and the residual antioxidant capacity was determined using total antioxidant capacity method as previously described. For pH stability, the extracts were pre-incubated at different pH values (3, 5, 7, 9 and 11) and the residual antioxidant capacity was evaluated. The extracts were also stored in the dark at 5ºC, and the antioxidant capacity was determined at intervals of 30 days over a period of 90 days. All samples were assayed in three replications. The effect of temperature, pH and storage on the antioxidant capacity of extracts was expressed as micrograms of α-tocopherol equivalent per milliliter of extracts using extinction coefficient of (4x10P (Arabshahi et al., 2007) .
Statistical Analysis
The statistical analysis for all experiments was done by using (SAS, 2000) . Means comparison was done by Duncan's Multiple Ranges Test under 1%, and figures were done by Graph Pad Prism 5 program.
Results and Discussion
Antioxidant Activity of Black Mulberry Extracts and Pig. (a)
Total Phenolic Content
Total phenolic content of black mulberry fruits, Eth., F. and A. ext. was determined using the calibration curve between concentration and absorbance at 760 nm of standard tannic acid as shown in Table 1 and Figure  1 . Phenolic compounds are one class of antioxidant agents which considered as good proton donors resulting in free radical terminators and contributed to the antioxidant activities of plant (Garzon and Wrolstad, 2009) . Mulberries are rich source of phenolics such as rutin, kaempferol, quercetin, isoquercetin and chlorogenic acid (Apak et al., 2007; Turkoglu, et al., 2007) . A great variation in terms of total phenolics content was observed among black mulberry fruits and their extracts. The highest amount of total phenols was observed for black mulberry fruits (20.19 mg TAE/g) which was in agreement with the results that were obtained by Ercisli and Orhan (2007) , where they reported that black mulberry fruits were rich in phenols. Also, Eth. extract was high in its phenols content (14.26 mg TAE/g). The high amount of phenols content in both black mulberry fruits and Eth. ext. might be due to their flavonoidal and non-flavonoidal phenolic compounds contents. Total phenols content of F.ext. had (5.36 mg TAE/g) due to the presence of flavonoid phenolic compounds only and A. ext. showed the least amount of total phenols content (3.38 mg TAE/g) due to the presence of anthocyanins only.
Total Flavonoid Content
Total flavonoid content of black mulberry fruits, Eth., F., A. ext. and Pig. (a) were determined using the calibration curve between concentration and absorbance at 415 nm of standard quercetin, as shown in Table 2 and Figure 2 . Flavonoids are groups of polyphenolic compounds, which exhibit several biological effects such as antiinflammatory, antihepatotoxic, antiulcer, antiallergic, antiviral, and anticancer activities. They also act as inhibitors enzymes such as reducatase and xanthine oxidase. They are capable of effectively scavenging the reactive oxygen species because of their phenolic hydroxyl groups and are potent antioxidant (Chang et al., 2002; Hsu, 2006) . The presence of high phenol and flavonoid contents in black mulberry had contributed directly to the antioxidant activity by neutralizing the free radicals (Umamaheswari and Chatterjee, 2008) . Aluminum chloride colorimetric method was used for flavonoids determination. Figure 2 was revealed that F. ext. had the highest total flavonoid content (1.26 mg QE/g), followed by black mulberry fruits and Eth. ext. which contained approximately equal amounts of total flavonoids content (1.11 mg QE/g) and (1.17 mg QE/g), respectively. This could be due to that ethanolic solvent that can extract most plant components especially phenolic compounds (Harborne, 1984) . These results are in agreement with those obtained by Ercisli and Orhan (2007) who reported that total flavonoids content in black mulberry fruits was (2.76 mg QE/g) of extract. Total flavonoids content of A. ext. (0.94 mg QE/g) was lower than the forgoing ones indicating the presence of anthocyanins only. The least amount of total flavonoids content was found in Pig. (a) (0.26 mg QE/g) of extract containing one pigment only. 
Scavenging of Hydrogen Peroxide
The ability of the Eth., F., A. ext. and Pig. (a) to scavenge HR 2 ROR 2 R was determined using the calibration curve between concentration and absorbance at 230 nm of standard ascorbic acid, as shown in Table 3 and Figure 3 . Since antioxidant compounds present in black mulberry extracts which are good electron donors, they may accelerate the conversion of HR 2 ROR 2 R to HR 2 RO (Shon et al., 2007) . Figure 3 illustrates that the strongest anti -HR 2 ROR 2 R activity was observed for F. ext. (227.22 mg AAE/g) followed by A. ext. (208.37 mg AAE/g) which may be attributed to the presence of phenolic groups that could donate electrons to hydrogen peroxide and neutralizing it into water (Umamaheswari and Chatterjee, 2008) . Eth. ext. and Pig. (a) exhibited weak scavenger HR 2 ROR 2 R activity (199.10 mg AAE/g) and (191.90 mg AAE/g), respectively. The results showed that there was a strong correlation between total phenol content and scavenging of hydrogen peroxide. 
Total antioxidant capacity
This assay is based on the reduction of Mo (VI) to Mo (V) by the samples of Eth., F., A. ext. and Pig. (a). The antioxidant capacity of the extracts was expressed as micromoles of α-tocopherol equivalent per milliliter of extracts using the calibration curve between micrograms of α-tocopherol equivalent and the concentration determined from Beer's law using extinction coefficient of (4 x 10P Figure 4 . The extracts were demonstrated electron-donating capacity and, thus they may act as radical chain terminators, transforming reactive free radical species into more stable non-reactive products (Delouee et al., 2007) . Figure 4 illustrates that Pig. (a) was significantly exhibited the highest degree of activity at different concentrations especially at 0.0005 µg /ml followed by A. ext. compared to ascorbic acid. This activity might be attributed to the presence of phytochemicals (antioxidant secondary metabolites) (Banso, 2009) . Eth. ext. exhibited significant degree of antioxidant capacity followed by F. ext. due to the presence of phenolic compounds which had redox properties allowed them to act as reducing agents, hydrogen donors, and singlet oxygen quenchers. They may also had a metal chelating potential (Javanmardi et al., 2003) . 
3.1.5.β−Carotene-Linoleic Acid Assay
In β-carotene-linoleic acid assay, antioxidant activity (AA) of Eth., F. , A. ext. and Pig. (a) was compared with antioxidant activity of some common antioxidants such as α-tocopherol when subjected to thermal auto oxidation at 50 ºC. The AA was shown in Table 5 and Figure 5 . The results indicated that the major contributors among individual extracts to AA could be Pig. (a) (62.8%) followed by A. ext. (75 %). Regarding the structure of these compounds, they possess a high degree of hydroxylation and methoxylation on their aromatic rings which suggests their higher contribution to AA of black mulberry antioxidant (Lachman et al., 2009) .
Flavonoid ext. showed significant AA (54.10%) especially at zero time which, then decreased when temperature elevated. The obtained results were in agreement with the reports of Zhshen et al. (1999) who confirmed the presence of total flavonoids espically rutin, quercetin, isoquercetin and luteolin in mulberry plants. These compounds are the major phytochemicals responsible for antioxidant activity of mulberry plants. Eth. ext. showed a moderate activity (51.20%) due to the presence of polyphenolic compounds in black mulberry fruits especially chlorogenic acid (Lin and Tang, 2007) . Positive correlation between total phenol and antioxidant activity was found by many researchers (Brown et al., 2005; Yang et al., 2009; Garzon and Wrolstand, 2009 ).
Reducing Power Assay
In this assay, the ability of Eth., F. , A. ext. and Pig. (a) to reduce iron (III) to iron (II) was determined and compared to that of ascorbic acid, which is known to be a strong reducing agent. The percentage reduction (R.P. %) of the samples was shown in Figure 6. * Column followed by the same letters are not significantly different at 1% level based on Duncan's Multiple Rang Test. Kaur and Arora (2008) determined reducing power of Eth., F., A. ext. and Pig. (a) and, compared to ascorbic acid, they considered it as a strong reducing agent. Data were shown that Eth., F., A. ext. and Pig. (a) possessed some degree of hydrogen donation capacity in a concentration dependent manner. The reducing power was increased with increasing concentration, but the capacities were inferior to that of ascorbic acid.
Pigment (a) was the most potent reducing agent followed by Eth. ext., F. and A. ext. due to the highest amount of total phenolics and phenolic acids. Phenols that have more number of hydrolysable groups (OH groups) attached to the ring acting as more powerful reducing agent considered as good proton donors resulting in the termination of free radicals chain reactions (Kaur and Arora, 2008) . Hence, this may accelerate the conversion of HR 2 R OR 2 R to HR 2 RO (Ruch et al., 1989) . At high concentration, Pig. (a) showed a high potential for being a proton donor, wherever, A. ext. was the weakest in its activity due to the low content of total phenols. Similar relation between iron (III) reducing activity and total phenol content had been reported (Benzi and Szeto, 1999) 
Effect of Temperature, pH and Storage on the Antioxidant Capacity
It is well known that many factors such as antioxidant concentration, temperature and pH of the media, processing treatment and storage are strongly influence the antioxidant capacity (Arabshahi et al., 2007) . In this study all extracts and Pig.(a) was subjected to thermal , pH and storage studies. Figure 7 shows the effect of temperature on the antioxidant stability of all extracts and Pig. (a).
The antioxidant capacity was decreased with increasing the time of boiling. This reduction was reached to 20.66% for Pig. (a) and to 34.06% for A. ext. when incubated at 100 ºC for 120 min.. This observation indicated that anthocyanins were not stable at high temperature which reasoned to the speed destruction of anthocyanins at high temperatures (Arabshahi et al., 2007) .
Antioxidant capacity of Eth. ext. was reduced to 81.70% followed by F. ext. 72.18% when incubated at 50 ºC for 60 min. The antioxidant capacity was decreased with increasing the time of boiling. The reduction activity was reduced for Eth. ext. and F. ext. when incubated at 100 ºC for 120 min which might be explained to the loss of naturally occurring antioxidants or phytochemicals present in the extract (Arabshahi et al., 2007) .
* Column followed by the same letters are not significantly different at 1% level based on Duncan's Multiple Rang Test. The influence of pH on the antioxidant stability of all extracts and Pig. (a) is shown in Figure 8 . The antioxidant capacity of all extracts and Pig. (a) gradually decreased with minimum value at pH 7 followed by continuous increase at alkaline pH, indicating strong dependence of antioxidant capacity of extract to the pH of the system. At pH 3 no significant effect was noticed in Pig. (a) as well as A. ext. comparing to vit. C. Anthocyanin can be found in different chemical forms which depend on the pH of the solution. At low pH 1, the flavylium cation (red color) was the predominant species and contributed to the purple and red colors. The antioxidant capacity of Pig. (a) and A. ext. was reduced at pH 5-7. At pH 7 the antioxidant capacity of Pig. (a) and A. ext. was reduced to 19.80% and 51.86%, respectively.
It had been shown that simple anthocyanins were unstable and quickly decolorized by hydration at the 2-position of the anthocyanidin skeleton. At alkaline pH 11, the antioxidant capacity of Pig. (a) and A. ext. was increased to 93.30% and 93.07%, respectively, due to the increased amount of anhydrous base at alkaline pH (Furtado et al., 1993) . The antioxidant capacity of Eth. ext. was least effected by pH (87.23%, at pH 3) followed by F. ext. (75.35%, at pH 3).
* Column followed by the same letters are not significantly different at 1% level based on Duncan's Multiple Rang Test. This observation could be attributed to the presence of antioxidant secondary metabolites other than anthocyanins like polyphenolic compounds in black mulberry fruits, especially chlorogenic acid (Lin and Tang, 2007) .
The effect of storage on the antioxidant stability of all extracts and Pig. (a) was also studied up to 3 months at intervals of 30 days as shown in Figure 9 . The antioxidant capacity of all extracts and Pig. (a) were gradually reduced with minimum value during 90 days period. The antioxidant capacity of Pig. (a) and A. ext. were unaffected by storage for 30 days and slightly reduced after 60 days only. Their antioxidant capacity after 90 days period were reduced to 68.66% and 57.14%, respectively, which was approximately similar to the antioxidant capacity of vit. C. with a reduction value of 57.25% after 90 days period storage.
* Column followed by the same letter are not significantly different at 1% level based on Duncan's Multiple Rang Test. Antioxidant capacity of Eth. and F. ext. was significantly affected by storage for 30 days and reduced after 60 days and their antioxidant capacity after 90 days period were reduced to 23.40% and 36.97%, respectively. These results were in agreement with the reports of Arabshahi et al., (2007) who noticed that the remaining activity of anthocyanin black mulberry extracts was about 65% after three months storage indicating that it could be still considered as a source of natural antioxidants.
Conclusions
Based on the obtained results, it may be concluded that Morus nigra fruits are a well recognized source of secondary metabolites like flavonoids and anthocyanins which considered as an excellent antioxidants. The antioxidant activities of Morus nigra fruits extracts varied with the test method . Pigment (a) showed a strong total antioxidant capacity , reducing power ability and inhibition of ß-carotene bleaching. Flavonoid ext. exhibit a suitable HR 2 ROR 2 R scavenging activity which may be correlated with the high amount of polyphenolic content especially flovonoids and anthocyanins. Increasing the time of boiling, storage , and extreme pH values decreased total antioxidant capacity of all extracts.
